Tellurite waveguides are promising candidates for high gain with broad-bandwidth, especially with Er-doping, which covers the telecommunications band and important spectral absorption features of atmospheric CO2. This study aimed at developing new Er,Yb-doped tellurite waveguide power amplifier modules suited to LIDAR measurements from space that will enable improved mapping of the concentration and distribution of CO2 in our atmosphere. A comparison of the optical properties of bulk and waveguide samples has been made, with double-clad waveguide devices, suited for high power diode pumping, currently under test.
INTRODUCTION
Tellurite waveguides are promising candidate materials for high optical-gain with broad spectral-bandwidth, which covers the telecommunications band and important spectral absorption features of atmospheric CO 2 , especially when doped with trivalent erbium ions. A relatively high index material (n~2) tellurite glasses are also strongly non-linear, with a nonlinear refractive index n 2 said to be up to two orders of magnitude higher than that of silica [1] , opening up various possibilities in integrated photonic applications, such as, chip-based super-continuum or mode-locked lasers [2] . In this work, we present a review of our fabrication of new Er,Yb-doped multicomponent tellurite waveguide films aimed at developing power amplifier modules suited to LIDAR measurements from space, with a goal of improving the mapping of the concentration and distribution of CO 2 in our atmosphere.
Comparing the optical properties of several compositions in bulk samples, we targeted ones that provided the best emission cross section characteristics around 1572 nm coincident with a strong CO 2 absorption line. These samples were tested under two pumping regimes, via the co-doped Yb 3+ ion coupled with Er 3+ absorption around 980 nm, and, in-band (or resonant) pumping of the Er 3+ ion directly around 1480 nm. The respective gain spectrum in the 1.5micron band was investigated, showing >3 dBcm -1 gain around the peak emission wavelength of 1531 nm from a sample having a concentration of both erbium and ytterbium ions of only ~1.5 x 10 20 cm -3 . Around the target wavelength of 1572 nm the gain depended upon the pumping wavelength and the glass' phonon spectrum, with 2.1 dBcm -1 and 0.4 dBcm -1 observed for the 974 nm and 1480 nm pump wavelengths, respectively.
Employing ceramic multi-component sputtering targets, composed of the respective oxides according to the recipe of the best glass composition trialled, doped and un-doped planar waveguides were subsequently fabricated via Radio Frequency (RF) magnetron and Ion-Beam Sputtering (IBS) methods. Oxidised silicon wafers (4" in diameter) were used as the substrate for the thin Tellurite films. Characterisation of the as deposited waveguide films has been made, providing information about the propagation losses, refractive index of layers, and surface roughness. Initial tests of the optical characteristics of the doped films are in progress. Furthermore we have produced multilayer waveguides, to make a pump guiding (effectively double-clad) structure that will cater for high-power pump guiding, with one example having a near single-mode ~4 micron thick core waveguide at the desired wavelength with a Numerical Aperture (NA) of 0.28. The pump waveguide was ~13 μm thick and due to the high index contrast between the tellurite and SiO2 oxide layer has an NA>1. These structures are compatible with the aims of producing high power waveguide amplifiers for the wavelength regime of interest. 
Material

Thin film
The thin film in Figure 3 , s mean square white light iñ 5.5 mm 2 , S q compared to ~190nm/hr (I targets. 
